Bilin Conformation, Phycocyanin, Phycoerythrin, Phytochrome Ramachandran-type calculations are perform ed for conformations o f bilin chromophores pres ent in the biliproteins phycocyanin, phycoerythrin and phytochrome. The atom ic coordinates are taken from x-ray data o f crystalline model compounds, namely biliverdin for pyrrole rings B, C, D and substituted succinimides for the hydrogenated ring A including a thioether containing ^-sub stituent. Maxima and m inim a for steric hindrance are calculated for rotation o f the thioether side chain, the rotation of pyrrole rings at single bonds (syn-anti-forms) and at double bonds (Z-E-isomers) of the methine bridges. Whereas quasi-planar structures are possible for all syn, Z-forms, only twisted structures are possible if anti, E-forms are considered. The relevance for the bilin con formations of native biliproteins and o f the Pr ^ Pfr phototransform ation is discussed. 
. Schematic representation of different arrangements o f the chrom ophores o f I accessible by rotations around the C -10,11 and C-14,15 single bonds (from ref. [25] ). 
Methods
The atomic coordinates for the saturated ring A o f biliprotein chrom ophores have been taken from the succinim ide II [16] and for the unsaturated rings from biliverdin-dimethylester [1] . They have been transformed into a rectangular coordinate system in such a way, that the N-atom s occupy the zero posi tion, one C-atom lies in the X-axis and another Catom in the X, Y-plane (Table I) The energies corresponding to the different con formations have been calculated with the Kitaigorodskii function [17] , where the interaction energy E between two non-bonded atoms is expressed as a function o f a single variable z. E = 3.5 ( -0 .0 4 /z6 + 8.6 x 103 exp ( -13 z)) z = rij/r0 Tjj = distance between two non-bonded atoms r0 = van der W aals distance between non-bonded atoms.
The van der W aals distances are shown in Table II .
Form ula IV. Form ula V. 
Results and Discussion
Biliproteins are characterized by a hydrogenated ring A linked via a thioester bond to the protein (Formula I) [ Ramachandran-type calculations take into ac count only steric interactions. They thus define sterically forbidden areas and are complementary to con siderations regarding H-bonds and 7r-system inter actions, which define allowed or favorable confor mations or configurations. In the case o f bile pig ments, steric hindrance is also complementary in its effects to H-bonding and ^-interactions, as the coplanar structures favored by the latter are sterically unfavorable.
In the formalism used throughout, the two dimen sional space defined by rotations about the bridging bonds C4, C5 and C5, C6 in IV, and C9, C 10 and C 10, C n in V, respectively, is divided into four qua drants as defined in is observed in the E configurated system (Fig. 3, low  er part) . N o planar structure is allowed in this case. If the C -9 ,10 double bond is taken to be planar (/. e. ^9,10= 180 °) the torsion angle #>10,11 must be + 40 0 or -40 0 (1 anti conformation) or > 200 0 or < 160 0 (syn conformation). The angles could be som ewhat reduced if the double bond is also twisted (see Fig. 3, lower part) . Such a strongly twisted structure has been found in the as yet only crystal structure o f an anti, Z-syn-Z, syn-Z bilin [21] and is also proposed for the £ -isomers o f bilindiones [7] .
Steric interactions are rather pronounced in the partial structure IV as a m odel for rings A and B in biliprotein chromophores (Fig. 5) . In addition to ro tations around the two bridging bonds (C 4, C5 and A noteworthy detail in V are the steric effects in troduced into this partial structure by the alternating bonds in biliverdin. In the crystal, the distinction between single and double bonds decreases when going from the "outer" methine bridges (C5 and C 15), to the inner one (C 10) [1] . A lthough this xray result is partly due to a disorder effect [2] , the difference between rings B and C is still enough that rotation around C 9, C 10 gives results different from the rotation around C 10, Cn . Thus, the syn, E form is sterically more hindered than the anti-Z form, its formal mirror im age (Fig. 3) . The latter is free o f steric hindrance for all rotations, w hile no coplanar conform ations are possible for the former.
If the atoms o f the two pyrrole rings o f V would have identical coordinates in Table I, 
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The bond lengths C9-C 10 (1.37 A) and C 10 -C n (1.39 A) are nearly identical in biliverdin dimethylester, whereas C 15-C 16 (1.36 A) has more double bond character than C 14 -C 15 (1.48 A). In first order, the blue-shift o f the long-wavelength band can be taken as a measure for the de crease in conjugation between Z and E isomers. For a fully unsaturated bilindione, A v = 1000 cm -1 has been reported [5, 6] . Compared to the shift o f 1580 cm -1 for denaturd Pr vs. denatured Pfr [29] , this would indicate a rather strong distortion if the latter reaction were to correspond to a Z, E isomerization. Such a strong distortion for Pfr has also been con cluded in a recent MO study [13] .
The results are difficult to compare, however, b e cause the data for phytochrome have been derived for the cationic forms, the ones for the Z, E isomers for the free bases. The chromophore o f denatured Pfr is stable only as a cation, but reverts to the Pr chromophore above pH 5.25, the pK for the proto nation o f denatured Pr [29] . Unfortunately, data for the cations o f £-isom ers o f bilindiones have not been published as yet, but they would be desirable for direct spectroscopic comparison between denatur ed Pfr and the £-isom er o f bilindiones.
